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Abstract 
The Tuna field, located on the northern margin of the offshore Gippsland Basin, has a wide range of natural CO2 accumulations 
and provides a natural analogue that can be used to assess reservoir sealing capacity. A holistic approach is assumed for this 
study, which incorporates analysis of the hydrodynamic system in conjunction with evolutionary history, CO2 and mineralogical 
distribution, fault mechanical stability and sealing potential.  
 
Integration of these parameters for each reservoir unit within the field produces potentially conflicting results regarding the West 
Tuna fault. Hydrodynamic evaluation has shown that the fault has a complex fluid flow history with significant variation at 
different reservoir levels, pressures suggest it is currently leaking across certain horizons in the intra-Latrobe while fault seal 
analysis predicts good sealing properties at those depths. The CO2 distribution varies with depth, with higher concentrations of 
CO2 found in the deeper, overpressured reservoirs of the early Latrobe. This in conjunction with the basin history and mineral 
studies suggests that the CO2 distribution may be controlled by the fault and fault reactivity. Geomechanical studies show that 
pressures in these deeper reservoirs are insufficient to generate shear failure, while the likelihood for extensional fracturing, and 
thus the possibility for it to act as a pathway for vertical fluid flow, is very high. 
 
This study shows that an integrated approach can lead to a better understanding of the current day reservoir and fault properties, 
even if not all components resulted in the same conclusions. Moreover, it reduces the risk of mis-interpreting fault-seal properties 
based on less parameters. 
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1. Introduction 
The Gippsland Basin is one of Australia’s most productive oil and gas provinces. Petroleum exploration has been 
active onshore since the 1920’s and exploration offshore started in 1969 at the Barracouta and Marlin fields. Since 
then, 4 billion barrels of oil and 10 trillion cubic feet (TCF) of gas have been recovered, predominantly from the 
Latrobe Formation. During recent years, the offshore Gippsland Basin has been studied to assess its 
geosequestration potential ([1], [2]). The high quality reservoirs of the Latrobe Formation are overlain by a low 
permeability regional seal and provide a potentially viable location for Carbon Capture and Storage (CCS), 
especially given its proximity to current and future emissions sources [2]. 
 
The Tuna Field, located on the northern margin of the offshore Gippsland Basin, exhibits a wide variation in CO2 
concentration within the hydrocarbon accumulations of the different Latrobe Group reservoirs. Understanding the 
distribution of natural CO2 in a reservoir or basin setting may provide clarity on migration pathways and potential 
trapping mechanisms and the long term fate of stored CO2. The study of fault seal properties for natural analogues is 
hoped to increase our predictive capability in understanding the response of faults to CO2 in new storage sites. 
 
We examined the major NW-SE striking West Tuna Fault within the Tuna Field, offshore Gippsland Basin, in 
terms of the hydrodynamic system (both pre- and post-production), the natural CO2 distribution and the 
mineralogical assemblages in the reservoir. These were considered in conjunction with geomechanical studies, 
including the fault evolution history, mechanical stability, dilation tendency and shale gouge ratio (SGR). 
2. Geological Setting 
The Gippsland Basin is located on the south-eastern edge of Australia. This east-west trending rift basin 
developed as a result of Early Cretaceous continental break-up between Australia and Antarctica and subsequent 
opening of the Tasman Sea [3]. The primary basin architecture is caused by NNE-SSW crustal extension and is 
represented by the Northern and Southern terraces and platforms, which are bound by the Rosedale fault system and 
the Darriman fault system respectively (Figure 1). 
 
Many of the offshore Gippsland Basin fields have quite a high percentage of naturally occurring CO2. In general, 
there is a very strong geographic control on the distribution, with CO2 concentration increasing eastwards along the 
southern side of the Rosedale fault system [2]. The Tuna Field has values between 20-60% CO2 whereas in the 
Central Deep area, the concentration of CO2 is much lower. O’Brien et al. [2], tentatively conclude that the naturally 
occurring CO2 distribution is associated with the presence of a greater abundance of early rift-related (i.e. 
Campanian) volcanics. In addition, O’Brien et al. [2] showed that gases in accumulations not strongly associated 
with major fault systems, such as Barracouta and Bream, have low CO2 contents. They suggest that the key control 
on natural CO2 distribution may be proximity to major, crustal-scale fault systems that provide conduits for 
magmatic CO2 migration up to Latrobe Group reservoirs, and that it may be these faults in association with wider 
extensional processes that control the distribution of the volcanics [2]. 
 
Figure 2 shows the structure of the Tuna Field at the Mid-Paleocene Marker (MPM), the major seismic horizon. 
The Tuna Field is the result of regional deformation during late Eocene to early Oligocene, associated with the latest 
phases of tectonic basin evolution. It is a northwest to southeast trending anticline with a four way dip closure at the 
top of the Latrobe coarse clastics. The Latrobe Group sediments consist of interbedded sandstones, shales and coal 
deposited in alluvial plain, coastal plain, shoreface and shelf depositional environments along wave-dominated 
shorelines [4]. The Tuna Field has been producing oil and gas from several reservoir sections within the Latrobe 
Group since 1979. Most of the formation pressure data used in the hydrodynamic analysis are from wells drilled on 
the eastern, producing side of the Main Tuna Fault, with only Tuna-4 on the western, non-producing side for 
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comparison. The wells which have data before production began and those with data acquired after production 
started are shown in Figure 2. 
 
 
 
Figure 1 Offshore Gippsland structural basin setting, major oil (green) and gas (red) fields shown, Tuna Field circled 
 
 
Figure 2 Tuna Field at the top of the MPM, showing the location of the cross-section in figure 3, wells in study (red circles) and the West Tuna 
Fault 
3. CO2 and SGR 
Analysis of CO2 distribution in combination with evolutionary history suggests that CO2 in the Tuna Field is of 
volcanic origin, active during deposition of the R- and S-units in the Campanian (Figure 3). CO2 and mineralogical 
distributions show that natural CO2 content decreases substantially towards the shallower reservoir units. Given the 
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presence of substantial internal baffles within the Latrobe units, it is considered that migration of CO2 is likely to be 
preferentially upwards along fault planes. 
 
2D SGR analysis incorporating juxtaposition analysis to determine lateral connectivity was based on gamma-ray 
curves from Tuna-4 and Tuna-2 wells. The West Tuna fault cuts through the Late Cretaceous units (S, R and T 
reservoirs) and continues into the Early Tertiary strata (L and M reservoirs). The top of the T-reservoir is at a depth 
of 2000 m, so the SGR curve derived for unconsolidated rocks was used to estimate the seal capacity.  
 
Based on North Sea correlations, Yielding [5] suggests that fault intervals with SGR > 15-20% indicate the 
presence of continuous, clay-rich fault gouges in the fault zone, and hence good sealing potential; at SGR < 15% the 
fault interval is considered ‘non-sealing’ and SGR > 20% seems to distinguish between the presence or absence of a 
continuous clay smear. There is little data available for comparison with Australian basins. 
 
The modelled SGR values for Tuna 4 below depths of 2800 m are significantly higher than the 20% cut-off and it 
is most likely that the fault is sealing at this depth. 
 
 
Figure 3 Cross-section across the Tuna Field, showing the variation of the shale gouge ratio (SGR) along the West Tuna fault plane. Latrobe 
horizons are differentiated by colour, dashed lines represent uncertainty in boundaries. Vertical lines represent well sections, dashed lines are 
those wells transposed into section, and horizontal lines represent known fluid contacts. Other known fault locations are included. 
4. Flow across the fault 
The hydrodynamic evaluation of the L-unit flow system on the eastern, producing side of the fault shows that the 
L-units are in good lateral communication across the Tuna Field, with some internal vertical baffling. On the non-
producing, western side of the fault, the post-production well Tuna 4 has a relatively low hydraulic head of 23 m in 
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1984 in the Lower L reservoir (Figure 4). This may represent the original pre-production hydraulic head value (in 
which case the fault is sealing and agrees with the SGR values) or it is lower due to production from the L-reservoir 
on the eastern side of the fault (in which case the fault is not sealing and not in agreement with the SGR values).  
 
Comparison of pre- and post-production data for the T reservoir shows that the T-sands on the eastern side of the 
fault have experienced considerable drawdown (see Tuna-A11A and –A13, Figure 4). Tuna-4, drilled 3 years later, 
has a much higher hydraulic head value of 30m from the T-sand. This suggests that the T-sands are not 
communicating across the fault. This is in agreement with the SGR values.  
 
Hydraulic head values in the T- and R-reservoir in Tuna-4 compare well with a data point measured in the S-
reservoir on the eastern side of the fault, suggesting possible hydraulic communication. Modelled SGR values are 
moderate. The R- and S- reservoirs are not in production. 
 
The S-reservoir in Tuna-4 is overpressured and not in hydraulic communication with the overlying R-reservoir. 
On the eastern side of the fault, the S-reservoir is normally pressured and not in communication with the underlying, 
overpressured unit. At this depth, significant differences in hydraulic head values across the fault suggest limited or 
no flow. This is in agreement with the high SGR values. 
 
 
Figure 4 Cross-section across Tuna Field, as above, West Tuna fault plane is interpreted for fluid flow based on hydraulic head values 
5. Stress Modelling 
A static geological model was constructed for the Tuna Field with a 3D seismic cube and the available GR logs 
as inputs. The MPM structural surface was used to map and characterize the fault displacement distribution along 
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the West Tuna fault. The fault surface was then exported from Petrel and loaded into Badley’s Traptester software 
for fracture stability and dilation tendency modelling.  
 
Stress analysis placed the fault in a strike slip regime (very close to the strike-slip and reverse fault boundary). 
Fault strands in NW-SE direction indicate a high dilation tendency (factor 0.9), making it prone to leaking laterally 
along and up the fault surface (Figure 5). 
 
In contrast, a fault bend along strike in an E-W direction exhibits much lower dilatation tendency (0.4). The shear 
fracture stability model shows there are quite large variations in the stability of this fault. Between Tuna 2 and Tuna 
4, the fault displays a high P of ~16 MPa at the MPM, i.e. P sufficient to generate failure. In contrast, at the fault 
bends, P is much lower, approximately 0-8 MPa. 
 
 
 
Figure 5 Dilation tendency model for the West Tuna Fault, with the MPM layer shown 
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6. Conclusions 
This study presents a new, integrated work flow using geomechanics, hydrodynamics and petrology to 
comprehensively characterise a major fault in a producing field with a high CO2 content. The results are not 
conclusive, however, the key findings are: 
 
• The calculated 2D shale gouge ratio (SGR) constrained using North Sea cut-offs showed that 
sealing potential varies with depth. 
• The hydrodynamic analysis showed that some reservoir intervals were experiencing production 
induced pressure decline. 
• There was reasonable, but not complete agreement between the different analysis methods applied 
to each reservoir unit.  
 
The results identify sections along the fault which may be in hydraulic communication. More work is needed to 
clarify whether flow occurs across the fault or around its tips. Nevertheless, this work clearly shows that a combined 
hydrodynamic and geomechanical approach is necessary to better understand fault seal behaviour. 
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